What was known before {#section13-2054358118777133}
=====================

Cognitive impairment is associated with unsafe driving. Despite cognitive impairment being remarkably common in chronic kidney disease (CKD), little is known regarding driving safety in this patient population.

What this adds {#section14-2054358118777133}
==============

This review summarizes what is known about driving safety in patients with CKD and highlights areas requiring further investigation.

Introduction {#section15-2054358118777133}
============

Driving is not only an indispensable daily activity for many individuals, but also carries with it significant risk. Motor vehicle collisions result in approximately 2500 deaths and 180 000 injuries each year in Canada^[@bibr1-2054358118777133]^ with medical illnesses accounting for roughly 18% to 23% of these incidents.^[@bibr2-2054358118777133]^ One of the principal mechanisms by which illness can affect driving safety is by impairing cognition. The impact of cognitive dysfunction on driving safety has been examined for diseases such as Alzheimer's disease, heart failure, diabetes, and stroke. This research has identified common deficits in specific cognitive domains, which has allowed for the development of evidence-based driving safety guidelines specific to each of these disease states.^[@bibr3-2054358118777133][@bibr4-2054358118777133][@bibr5-2054358118777133]-[@bibr6-2054358118777133]^ Despite substantial evidence demonstrating cognitive impairment in chronic kidney disease (CKD),^[@bibr7-2054358118777133]^ little is known about the effects of CKD on driving safety in a large and growing population of more than 3 million Canadians.^[@bibr8-2054358118777133]^

Cognitive Impairment in CKD {#section16-2054358118777133}
---------------------------

The relationship between CKD and cognitive impairment is a large and well-studied area that has been extensively reviewed in the past^[@bibr7-2054358118777133],[@bibr9-2054358118777133][@bibr10-2054358118777133]-[@bibr11-2054358118777133]^. For the purposes of this review, we will briefly summarize the known epidemiologic and pathophysiologic links between CKD and cognitive dysfunction.

Cognitive impairment refers to a decline in cognitive functioning. This decline may affect 1 or many cognitive domains, which include language, perceptual-motor functioning, executive functioning, learning and memory, social cognition and complex attention.^[@bibr12-2054358118777133]^ Cognitive impairment exists along a spectrum from mild cognitive impairment to dementia. Mild cognitive impairment is defined as chronic impairment in 1 or more domains that does not interfere with activities of daily living. Dementia, on the contrary, is diagnosed only when there is chronic impairment in 2 or more cognitive domains that interferes with work or usual activities.^[@bibr13-2054358118777133],[@bibr14-2054358118777133]^

The insidious onset of symptoms, patients' denial of impairments, and time limitations of practitioners make cognitive impairment difficult to recognize, particularly at its early stages.^[@bibr15-2054358118777133]^ To overcome barriers to detecting cognitive impairment, simple screening tests are available to help health care professionals initially assess a patient's cognitive status. Commonly used performance-based screening tests include the Mini-Mental State Examination (MMSE), the Mini-Cog Assessment Instrument (Mini-Cog), and the Montreal Cognitive Assessment (MoCA). More comprehensive standardized cognitive assessments, which involve complex batteries of neuropsychiatric tests that assess individual cognitive domains, are employed by specialists to diagnose cognitive impairment in at-risk patients and to identify which specific cognitive domains are affected.^[@bibr15-2054358118777133]^

Cognitive impairment is remarkably common at all stages of CKD. Both cross-sectional and longitudinal studies suggest that cognitive dysfunction appears to progress as renal function deteriorates.^[@bibr16-2054358118777133][@bibr17-2054358118777133][@bibr18-2054358118777133]-[@bibr19-2054358118777133]^ Importantly, the degree of impairment in any given patient can vary from mild to severe and can affect various cognitive domains. In general, though, the cognitive domains of attention and concentration, processing speed, executive functioning (including mental flexibility and inhibition), and memory are among those most affected by CKD.^[@bibr20-2054358118777133]^

Studies have demonstrated cognitive impairment in both patients on hemodialysis and patients on peritoneal dialysis. Murray et al, for instance, enrolled 338 hemodialysis patients and examined their cognition using a battery of neuropsychological tests, including the Modified Mini-Mental State Examination, the Hopkins Verbal Learning Test--Revised (HVLRT-R), Color Trails 1 and 2, the Stroop Interference test, the Brief Visuospatial Memory Test--Revised (BVMT-R), the Controlled Oral Word Association Test (COWAT), the Clock-Drawing Test, the Wechsler Digit Span, and the Geriatric Depression Scale. The study found that approximately 85% of this cohort was mildly cognitively impaired and 70% demonstrated moderate to severe cognitive dysfunction.^[@bibr21-2054358118777133]^ A more recent study using neuropsychological tests assessing similar cognitive functions had comparable results, with mild cognitive impairment in 89% of patients on hemodialysis and 63% of predialysis patients.^[@bibr22-2054358118777133]^ Interestingly, while studies show that peritoneal dialysis patients also experience cognitive decline, their impairment appears to be both less prevalent and less severe than their hemodialysis counterparts.^[@bibr23-2054358118777133][@bibr24-2054358118777133][@bibr25-2054358118777133][@bibr26-2054358118777133]-[@bibr27-2054358118777133]^ Whether this discrepancy is a result of true technique-specific differences, or rather reflects differences in comorbidity burden, needs further investigation.

Despite formal studies demonstrating that many patients with CKD are cognitively impaired, it is likely that cognitive impairment remains significantly underrecognized. In an early study of American hemodialysis patients, for example, only 15% of patients with cognitive impairment had a diagnosis of such in their medical record.^[@bibr28-2054358118777133]^ Similarly, in the Dialysis Outcomes and Practice Patterns Study, only 4% of hemodialysis patients carried a diagnosis of dementia in their medical records.^[@bibr29-2054358118777133]^ This proportion is much lower than the expected prevalence of dementia based on formal assessments of cognitive function in hemodialysis cohorts.^[@bibr18-2054358118777133],[@bibr21-2054358118777133],[@bibr30-2054358118777133]^

Pathophysiology of Cognitive Impairment in CKD {#section17-2054358118777133}
----------------------------------------------

CKD can lead to cognitive impairment due to multiple mechanisms, which can be broadly divided into 2 categories: vascular and nonvascular. Vascular injury and dysfunction are well described phenomena in CKD, due not only to an increased prevalence of traditional risk factors such as hypertension, diabetes, and smoking but also because of direct adverse effects of the uremic environment on endothelial function.^[@bibr31-2054358118777133],[@bibr32-2054358118777133]^ These abnormalities can lead to cerebral macrovascular and microvascular disease that ultimately results in brain hypoperfusion, a phenomenon that is reflected in an increased burden of ischemic cerebral white matter changes and microinfarcts.^[@bibr33-2054358118777133]^ Nonvascular phenomena associated with CKD, such as anemia, hyperparathyroidism, sleep disturbances, and polypharmacy, may also play a role as they have all been linked to cognitive impairment.^[@bibr31-2054358118777133]^

Hemodialysis itself may worsen the cognitive impairment seen in patients with CKD. A common complication of hemodialysis is intradialytic hypotension, which is thought to exacerbate cerebral perfusion defects and ischemic brain injury. Although autoregulation protects against cerebral hypoperfusion when systemic blood pressure falls, the autoregulation process is limited below a mean arterial pressure (MAP) of 60 to 70 mm Hg, a frequent occurrence during hemodialysis.^[@bibr34-2054358118777133]^ These recurrent episodes of dialysis-induced cerebral hypoperfusion can worsen CKD-associated ischemic brain damage, as reflected by the high frequency of white matter changes and cortical atrophy seen in hemodialysis patients.^[@bibr35-2054358118777133],[@bibr36-2054358118777133]^ This small vessel disease is believed to be independently associated with the severity of kidney disease and is a common cause of vascular dementia, typically presenting with impairments in attention, executive function, and processing speed, all of which are required for driving.^[@bibr22-2054358118777133]^ In support of this preferential effect on driving-related cognitive domains, functional magnetic resonance imaging (MRI) has demonstrated reduced perfusion in the frontal lobe of patients on hemodialysis, the domain largely responsible for driving-related functions like memory, movement, and executive function.^[@bibr37-2054358118777133]^ Importantly, this dialysis-induced brain damage may be preventable, as dialysate cooling to 0.5°C below core body temperature stabilized intradialytic MAP and reduced white matter lesions after 1 year, compared with controls receiving normothermic dialysate.^[@bibr38-2054358118777133]^

A final potential deleterious effect of hemodialysis may arise from its episodic nature. Hemodialysis clears uremic toxins only when patients are connected to the dialysis machine. As such, unlike patients on peritoneal dialysis, uremic toxins build up over 48 to 72 hours in a patient on a standard thrice-weekly hemodialysis regimen. During the 48- to 72-hour interdialytic interval, deficits in attention and memory develop, resulting from the accumulation of uremic metabolites.^[@bibr26-2054358118777133]^

Is Cognitive Impairment Associated With Increased Driving Risk? {#section18-2054358118777133}
---------------------------------------------------------------

Driving requires the integration of multiple cognitive domains to be performed safely.^[@bibr39-2054358118777133],[@bibr40-2054358118777133]^ The cognitive domains include those commonly affected by CKD, such as attention and concentration, reaction time, executive function, and memory. These cognitive domains are essential for basic driving-related tasks such as starting, turning, reversing, and stopping, as well as for more complex functions such as obeying traffic laws and responding to driving hazards.^[@bibr40-2054358118777133]^ A more comprehensive list of the cognitive functions relevant to driving and the driving-related tasks for which those cognitive functions are required are summarized in [Table 1](#table1-2054358118777133){ref-type="table"}.

###### 

Cognitive Domains Associated With Driving-Related Tasks.

![](10.1177_2054358118777133-table1)

  Cognitive function            Associated driving-related tasks
  ----------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Visuospatial skills           Ability to determine spatial relationship between one's car and objects in its environment (road lines, objects on the road, curb, other cars). Ability to position automobile correctly and maneuver it.
  Orientation                   Ability to recognize infrastructure and navigate routes.
  Judgment                      Ability to assess danger associated with specific driving conditions, such as driving when roads are slippery or overtaking another vehicle
  Complex reaction time         Ability to respond to traffic situations on the road (eg, another driver crossing lanes)
  Working memory                Ability to handle and update information based on external stimuli
  Long-term memory              Ability to remember specific locations, road rules, and routes
  Executive function            Ability to plan routes, problem solve, make driving-related decisions
  Attention and concentration   Ability to identify pertinent environmental stimuli, while ignoring others.

Whether cognitive dysfunction might affect driving safety has been best explored in the elderly, as increased age is a known risk factor for cognitive impairment.^[@bibr39-2054358118777133][@bibr40-2054358118777133][@bibr41-2054358118777133][@bibr42-2054358118777133]-[@bibr43-2054358118777133]^ Studies on the effect of cognitive dysfunction on driving safety among the elderly stem from the well-documented curvilinear relationship that exists between age and motor vehicle accidents (MVAs): young drivers and drivers older than the age of 65 years are at higher risk for collisions when compared with middle-aged drivers.^[@bibr41-2054358118777133],[@bibr42-2054358118777133]^ In the elderly, multiple epidemiologic studies have demonstrated an association between cognitive function and driving risk.^[@bibr43-2054358118777133],[@bibr44-2054358118777133]^ Importantly, cognitive test scores remain an independent predictor of driving performance in the elderly, even when controlling for age, race, and driving frequency. These tests scores suggest that cognitive function itself is an important determinant of driving safety.^[@bibr43-2054358118777133]^ In an effort to understand which cognitive domains are most important for driving safety in the elderly population, researchers have performed more detailed neuropsychological testing and have found that decreased cognitive processing speed, psychomotor functioning, visuospatial performance, and executive functioning correlated with driving impairment.^[@bibr41-2054358118777133]^ Other studies have demonstrated that tests of complex attention, including selective and divided attention, as well as spatial ability and reaction time, are important predictors of driving performance.^[@bibr42-2054358118777133]^ Furthermore, the capacity to divide and shift attention, processing speed, and the ability to detect road hazards, including pedestrians, have all been shown to decline with age and impact driving safety.^[@bibr45-2054358118777133]^

In addition to the elderly, studies on driving safety have examined several chronic disease states in which cognitive impairment has been implicated. A recent meta-analysis of almost 1300 patients with mild or very mild Alzheimer's disease demonstrated poor performance in driving simulation and on-road testing when compared with healthy age-matched controls.^[@bibr46-2054358118777133]^ The most significant predictors of driving performance in these patients were executive function (as measured by The Maze Test, TMT-B, verbal fluency), attention (as measured by Useful Field of View), visuospatial (as measured by Rey Osterrieth Complex Figure copy), and global cognition (as measured by MMSE). The relationship between cognition and driving performance has also been demonstrated in patients with nonneurologic diseases such as heart failure. In a single-center, cross-sectional study, specific cognitive deficits associated with heart failure were shown to be independently associated with poor driving performance.^[@bibr47-2054358118777133]^ Specifically, attention and executive function were associated with lane deviations and centerline crossings, while psychomotor dysfunction was correlated with reduced ability to avoid collisions. Interestingly, these cognitive deficits were believed to be at least in part the result of cerebral hypoperfusion,^[@bibr48-2054358118777133]^ a pathophysiologic feature shared between heart failure and CKD.

In this review, we discuss the available literature with respect to CKD and driving safety, and the existing guidelines for assessing and reporting driving impairment in patients with CKD.

Methods {#section19-2054358118777133}
=======

We performed a comprehensive scoping review of the available literature with respect to CKD-induced cognitive impairment and driving safety guided by a health sciences librarian.^[@bibr49-2054358118777133],[@bibr50-2054358118777133]^ Our review approach was divided into 5 stages, including (1) identifying the research question, (2) identifying relevant studies, (3) study selection, (4) charting the data, and (5) collating, summarizing, and reporting the results.

Identifying Relevant Peer-Reviewed Academic and Grey Literature {#section20-2054358118777133}
---------------------------------------------------------------

We first performed a search of the peer-reviewed academic literature. To identify relevant studies, we used 3 search phrases: "chronic kidney disease," "cognitive dysfunction," and "automobile driving." We first focused on defining search terms for CKD. The Medical Subject Head (MeSH) term for CKD is "Renal Insufficiency, Chronic." We expanded the search to include all references tagged with this subject heading, as well as those references tagged with any narrower subject headings. We then expanded our search using truncation symbols and Boolean operators to combine search terms when appropriate. Ultimately, we used the following terms: chronic renal insufficiency, chronic renal disease, chronic kidney disease, and CKD. We added field searching abbreviations to these terms to search for these key phrases in the title, abstract, and author-supplied keyword fields. In addition, we included the following terms for the MeSH term "Renal Dialysis": hemodialysis, dialysis, hemodiafiltration, hemofiltration, kidney transplant, and renal transplant. For our second search area (automobile driving), our search terms included the following: automobile driving, traffic accidents, motor vehicles, drive, driving, traffic accident, traffic safety, and vehicle. To limit irrelevant results generated from widely used terms, such as "drive" and "vehicle," we solely searched for these terms in the title and author-supplied keyword fields. For our third search area (cognitive dysfunction), we included the following search terms: cognitive dysfunction, cognitive impairment, cognitive decline, and mental deterioration. We used the same criteria for expanding our search and narrowing for specific terms as noted above.

Using these terms, we first employed the following search strategy: "chronic kidney disease" AND "cognitive dysfunction" AND "automobile driving," retrieving zero results. To broaden our strategy, we next searched using the following strategy: "chronic kidney disease" AND "cognitive dysfunction" OR "automobile driving". We did not limit articles by language; where possible, we obtained English translations of foreign articles. We focused our review to the Medline, CINAHL, PEDro, and Scopus databases from their inception to August 9, 2017. In addition to the articles we retrieved from our literature search, we hand-searched the references of all the relevant articles to ensure that we did not exclude any important literature.^[@bibr51-2054358118777133]^

We also searched the grey literature, which includes material produced by all levels of government, academics, business, and industry, but not controlled by commercial publishers.^[@bibr52-2054358118777133]^ We reviewed the websites or archives of relevant governmental agencies, such as the Canadian Council of Motor Transport Administrators and the Canadian Medical Association. Furthermore, we consulted online resources provided by the provincial and territorial Ministries of Transportation across Canada. For all provinces and territories with resources unavailable online, we contacted Ministry of Transportation offices directly by phone and/or email to obtain relevant documents to our review. We also consulted with relevant CKD interest groups, such as the Kidney Foundation of Canada, the National Kidney Foundation, the National Kidney Disease Education Program, and Caring for Australians with Renal Impairment. For inclusion in our review, the grey literature needed to (1) focus on fitness to drive, (2) be directed toward health care professionals, and (3) address the relationship between CKD and unsafe driving. The Authority, Accuracy, Coverage, Objectivity, Date and Significance (AACODS) checklist was used to critically appraise and report findings of the grey literature.^[@bibr53-2054358118777133]^

Literature Selection and Data Abstraction {#section21-2054358118777133}
-----------------------------------------

We divided our literature selection process between review of (1) peer-reviewed academic articles and (2) the grey literature, consisting of unpublished or published reports or forms from health organizations and governmental agencies. Two of the authors (D.K. and L.G.) carried out the review of the literature and screened the titles and abstracts for mention of CKD and/or renal replacement therapy, cognitive dysfunction, and their effects on driving. If we considered an abstract relevant, we reviewed the full article. The results of our literature search and study selection are outlined in [Figure 1](#fig1-2054358118777133){ref-type="fig"}. Following removal of duplicates, the total number of citations returned by our search was 1390. Following our review of these titles and abstracts, there were 62 articles suspected to be relevant to our research question that we subsequently reviewed in full. We excluded 36 articles for irrelevance as they did not specifically address our research question, and we were unable to obtain 7 articles and therefore did not analyze them. We ultimately identified 5 published articles which we included in our review ([Table 2](#table2-2054358118777133){ref-type="table"}). In addition, from our search of unpublished or published reports of health organizations and governmental agencies, we identified 14 reports or forms that were included in our review.

![Literature review strategy.](10.1177_2054358118777133-fig1){#fig1-2054358118777133}

###### 

Published Articles Included in Review.

![](10.1177_2054358118777133-table2)

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author(s) (year)                                    Title                                                                                                            Findings                                                                                                                                                                                                                  Limitations
  --------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------------------------------------
  Ysander (1966)^[@bibr54-2054358118777133]^          "The safety of drivers with chronic disease"                                                                     2.5% of patients with "renal disease" were involved in a road accident, compared with 7.7% of healthy age-matched controls.                                                                                               Patients were considered to have renal disease solely by the presence of proteinuria and/or hypertension suggesting milder forms of chronic kidney disease.

  Gyalog (1972)^[@bibr55-2054358118777133]^           "Investigations on the ability to transport in diabetics and chronically hemodialysed patients"                  Driving impairment detected following twice-weekly 10-hour hemodialysis populations. Recommend patients avoid driving for 24 hours after dialysis                                                                         Full article unavailable\
                                                                                                                                                                                                                                                                                                                                                                                                 No accessible methods or results

  Schewe et al (1982)^[@bibr56-2054358118777133]^     "Examinations concerning the psychophysiological capacity of dialysis patients with regard to driving ability"   Patients often experienced resting tremor, but intentional movements were uncompromised. Recommend patients are fit to drive.                                                                                             Small sample size (n = 15)\
                                                                                                                                                                                                                                                                                                                                                                                                 No descriptions of tests performed\
                                                                                                                                                                                                                                                                                                                                                                                                 Cognition not formally assessed

  Vats and Duffy (2010)^[@bibr57-2054358118777133]^   "Assessment of self-perceived risk and driving safety in chronic dialysis patients"                              40% of patients on dialysis were uncomfortable driving, but almost half continued to operate a motor vehicle. 79% of the patients who felt comfortable driving had absolute or relative risk factors for unsafe driving   Information gathered by patient survey and, thus, was subject to recall bias. Absence of control groups.

  Varela et al (2015)^[@bibr58-2054358118777133]^     "A diagnostic screening tool for identifying safe drivers among dialysis patients"                               American Medical Association's survey was sensitive, but not specific, for identifying patients with absolute or relative risk factors for unsafe driving                                                                 Information gathered by survey with no objective assessment of driving ability
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In our scoping review, we applied a common analytical framework and collected standardized information from each study. We recorded the (1) authors' names, (2) year of publication, (3) study location, (4) study population, (5) aims of the study, (6) methodology, and (7) outcomes of the study. In an effort to allow for comparison of studies, we applied a consistent approach to reporting study findings. Furthermore, we aimed to identify gaps in the methodology and findings of these reports.

Results {#section22-2054358118777133}
=======

As noted above, CKD leads to deficits in many cognitive domains that are of importance in determining driving safety in other, more well-studied chronic disease states. Furthermore, cerebral hypoperfusion, a common feature of CKD due both to uremia-associated cerebrovascular disease and hemodialysis-associated reductions in cerebral blood flow, has been implicated as a major pathophysiologic contributor to cognitive dysfunction--induced driving impairment in disease states such as heart failure. Together, these data suggest that CKD-induced cognitive dysfunction may affect driving safety in patients with CKD. To date, however, the effects of CKD-associated cognitive impairment on driving safety remain largely unexplored.

Is Driving Safety Impaired in Patients With CKD-Induced Cognitive Impairment? {#section23-2054358118777133}
-----------------------------------------------------------------------------

To better understand the links between CKD-induced cognitive dysfunction and driving fitness, we performed a review of the existing literature. Our search identified only 5 published studies of driving fitness in patients with CKD, with half of these studies from an era predating the use of current therapies such as high flux dialysis, aggressive blood pressure control, and erythropoiesis stimulation.

One early study focused on the effects of a variety of chronic medical conditions on driving safety. This study, published in 1966, investigated the frequency of patients with chronic disease that were involved in MVAs.^[@bibr54-2054358118777133]^ Over a span of 4.5 years, 2.5% of patients with "renal disease" were shown to be involved in a road accident, as compared with 7.7% of the healthy age-matched control population. Unfortunately, in this retrospective cohort, the definition of renal disease was the presence of proteinuria and/or hypertension, 2 characteristics that provide little information on the severity of renal dysfunction.

The first report of the effects of end-stage renal disease (ESRD) on driving ability was a German thesis dissertation published in 1972, in which the author documented driving impairment following twice-weekly 10-hour hemodialysis sessions and recommended that patients avoid driving for 24 hours postdialysis.^[@bibr55-2054358118777133]^ A decade later, driving fitness was assessed in patients dialyzed using a more modern regimen (3 to 4 hours thrice weekly).^[@bibr56-2054358118777133]^ The investigators examined motor, but not cognitive, function before and after dialysis, and found that while patients often experienced resting tremor, their intentional movements were largely uncompromised.

Since these early studies, the typical patient with CKD has changed markedly. Today, patients are older and have more medical comorbidities, many of which can independently impair cognitive function.^[@bibr59-2054358118777133]^ Renal replacement therapies have also changed, with the development of a diversified repertoire of dialytic modalities that can be tailored to patients' individual needs and preferences.^[@bibr60-2054358118777133]^ Despite these advances in dialytic therapies, limited research has been performed in the intervening years to examine whether driving safety in patients with CKD has similarly evolved.

In the last 3 decades, only 2 studies have examined driving fitness in ESRD patients, with no studies in patients with predialysis CKD. The first of these reports, published in 2010, surveyed 186 hemodialysis patients (average age 67.8 years) across 6 American dialysis units.^[@bibr57-2054358118777133]^ Although 40% of patients were uncomfortable driving, almost half continued to do so. Alarmingly, 79% of the patients who reported feeling comfortable driving had absolute or relative risk factors for unsafe driving, including a history of fainting during driving, falling asleep at the wheel, sleep apnea or loud snoring, weakness prior to dialysis, and a history of hypoglycemic episodes. Furthermore, approximately one-third of patients reported being involved in a MVA since beginning dialysis.^[@bibr57-2054358118777133]^

The second study enrolled 106 dialysis patients (average age 53.4 years) from a single American center and examined the utility of the American Medical Association's (AMA) "Am I A Safe Driver" survey.^[@bibr58-2054358118777133]^ The authors found that the AMA survey was sensitive but not specific for identifying patients with absolute or relative risk factors for unsafe driving, as defined in the 2010 study. However, as no gold standard for assessing driving risk in ESRD patients exists, it is unclear whether the AMA survey captured all patients at high driving risk. Of note, 15% of the dialysis patients in the AMA survey reported being involved in a MVA in the last 3 years,^[@bibr58-2054358118777133]^ a marginally higher rate than the 3% to 4% per year collision rate for age-matched drivers in the general American population.^[@bibr61-2054358118777133]^ Whether the self-reported MVA rate in this dialysis cohort is accurate remains unclear. It is conceivable that patients may have underreported their collision rates due to concern that their answers could jeopardize their driving privileges.

Clearly, the nature and causes of driving impairment in CKD and ESRD remain understudied. Given the importance of driving for independent living and the potential for serious harm to patients and the general public, further investigation of these issues is urgently needed.

What Are the Current Driving Guidelines in Patients With CKD? {#section24-2054358118777133}
-------------------------------------------------------------

Our review identified "grey" literature that consisted mostly of guidelines and provincial report forms related to the management of driving capacity in patients with medical illnesses, specifically focusing on sections pertaining to CKD. Reflecting the concern that CKD may be associated with impaired driving safety, the Canadian Council of Motor Transport Administrators (CCMTA) and Canadian Medical Association (CMA) have published guidelines to help clinicians assess driving safety ([Table 3](#table3-2054358118777133){ref-type="table"}). The CCMTA's "Determining Driver Fitness in Canada" manual states that patients with mild renal dysfunction (stage 1-2 CKD) likely have the functions necessary to drive. These patients are thus at low risk for driving impairment, whereas patients with moderate to severe dysfunction (stage 3-5 CKD) are at significant risk for cognitive dysfunction and driving impairment.^[@bibr62-2054358118777133]^ Despite this categorization, the CCMTA recommends that all patients with stages 1 to 4 CKD should be assessed for "functional abilities" required for safe driving to qualify for a driver's license. The CCMTA also recommends that patients with ESRD undergo this same initial exam, as well as annual reassessments, which would require the patients to demonstrate that they abstain from driving when dialysis is delayed, are under regular medical supervision, and are following their prescribed dialysis regimen. Reflecting the lack of evidence in this area and validated assessment tools, no guidance is provided as to what the components of these examinations should be, nor are the definitions of "functional abilities" and "regular medical supervision" specified.

###### 

Canadian Driving Guidelines Recommendations for Driving With CKD.

![](10.1177_2054358118777133-table3)

  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                                         Canadian Council of Motor Transport Administrators                                      Canadian Medical Association
  -------------------------------------- --------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
  Eligibility for a license              Stage 1-4 CKD\                                                                          Stage 1-4 CKD\
                                         Medical assessments show no residual effects\                                           Not discussed\
                                         The functional abilities necessary to drive are intact\                                 Stage 5 CKD\
                                         Stage 5 CKD\                                                                            Individual assessment for relevant comorbidities, medications, and adverse symptoms associated with their treatments
                                         Medical assessments show no residual effects\                                           
                                         The functional abilities necessary to drive are intact\                                 
                                         The conditions for maintaining a license are met                                        

  Medical reassessment                   Stage 1-4 CKD\                                                                          Stage 1-4 CKD\
                                         Require routine medical review or more frequently at the discretion of the authority\   Not discussed\
                                         Stage 5 CKD\                                                                            Stage 5 CKD\
                                         Must have an annual medical review                                                      Commercial drivers must have an annual medial review

  Conditions for maintaining a license   Stage 1-4 CKD\                                                                          Stage 1-4 CKD\
                                         None\                                                                                   Not discussed\
                                         Stage 5 CKD\                                                                            Stage 5 CKD\
                                         Routinely follow dialysis regimen\                                                      Not discussed
                                         Do not drive if dialysis is delayed\                                                    
                                         Remain under regular medical supervision                                                
  -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note.* CKD = chronic kidney disease.

The other major resource for Canadian physicians is the "Driver's Guide: Determining Medical Fitness to Drive," published by the CMA.^[@bibr63-2054358118777133]^ These guidelines state that patients with ESRD are safe to operate a motor vehicle, once adjusted to a "stable dialysis regimen," but should avoid driving if dialysis is delayed or a new medical issue develops that has not yet been assessed by a physician. Furthermore, the guidelines suggest that physicians should consider comorbidities, medications, and adverse symptoms associated with dialysis treatments. The CMA advises physicians to counsel all CKD patients on medical issues that may occur while adjusting to a new dialysis regimen and that can impair driving ability, such as electrolyte imbalances, infection, hypotension, weakness, or ischemic coronary events. The guidelines do not set out in detail how these assessments should be performed nor does it specifically mention the effects of CKD-induced cognitive impairment on driving risk.

Finally, as driving safety is provincially regulated, physicians must complete "medical assessment of driving" forms to report potential driving impairment to their respective Ministry of Transportation. Although cardiovascular, neurological, psychiatric, and substance abuse disorders are included on all fitness to drive assessment forms ([Figure 2](#fig2-2054358118777133){ref-type="fig"}), only 3 of the 11 available provincial or territorial forms include kidney disease as a category that physicians should consider when assessing medical fitness to drive. Clearly, current Canadian driving guidelines with regard to CKD vary across the country and are limited in scope. Moreover, because they are based on a paucity of evidence, they are vaguely worded and, in most cases, do not specifically address CKD-induced cognitive impairment. Finally, these guidelines focus primarily on monitoring dialysis compliance and fail to address the possibility that treatments for ESRD and the comorbidities of ESRD might also affect cognitive function and driving safety.

![Relative representation of medical disorders on provincial and territorial "Medical Assessment of Driving" Forms.\
*Note.* CVD = cardiovascular disease; DM = diabetes mellitus.](10.1177_2054358118777133-fig2){#fig2-2054358118777133}

Conclusion and Future Directions {#section25-2054358118777133}
================================

Driving is an important component of independent life and yet is associated with significant risk. Despite the increasing prevalence of CKD and the well-documented presence of CKD-induced cognitive impairment, driving safety in this frail population remains poorly understood. The little evidence that does exist, however, suggests that (1) these patients are at substantial risk for unsafe driving^[@bibr57-2054358118777133],[@bibr58-2054358118777133]^ and (2) CKD tends to commonly affect cognitive domains that are important for driving safety, such as attention, concentration, memory, and executive function.^[@bibr20-2054358118777133]^

Although clinicians may be aware of the potential for driving impairment in patients with CKD, many do not raise these concerns with their patients or with their provincial Ministry of Transportation. Clinicians' failure to raise concerns may be explained by our poor understanding of how CKD and its treatments might affect driving fitness, a paucity of education on how to assess driving impairment, and a desire to maintain a positive clinician-patient relationship.^[@bibr64-2054358118777133],[@bibr65-2054358118777133]^ Compounding this situation, existing guidelines on how to assess driving fitness in CKD patients are vague, and the majority of provincial or territorial driving safety assessment forms do not highlight CKD and its associated treatments as indications for driving safety evaluation. With all these factors considered, it is not surprising that physicians struggle to detect potential unsafe driving in patients with CKD.

Our review highlights a number of areas needing further investigation. First, studies to determine whether CKD-associated cognitive dysfunction adversely affects driving capacity are clearly needed, and if so, the stage(s) of CKD at which risk significantly increases must be identified. Second, given the highly reported prevalence of cognitive impairment in CKD, the importance of screening for cognitive dysfunction as a means to identify patients at risk for driving impairment needs to be addressed. Third, as CKD is a pathologic state that is the result of many different etiologies, it will be important to analyze whether different causes of chronic kidney injury affect driving ability in different ways. Similarly, studies are needed to determine whether the various pharmacologic and nonpharmacologic treatments used in patients with CKD affect cognitive function and driving ability differently.

As driving requires the use of multiple motor, sensory, and cognitive domains, we suggest, as a first step, the use of validated driving simulator tests that integrate all of these functions. We suggest that these tests should be used in conjunction with bedside tests of cognition, motor, and sensory functions to clarify the effects of different stages and types of CKD, as well as its therapies, on driving ability. Mechanistic studies will also be needed to parse out the individual contributions of CKD and its various treatments to driving impairment. Furthermore, as there is no literature regarding how clinicians taking care of CKD patients assess driving safety in their patients, we believe that surveying these clinicians with respect to their current assessment practices is an important area for further investigation. Importantly, although our review focused on cognitive impairment, the design of these future studies will need to take into account not only CKD-associated cognitive dysfunction but also the many other noncognitive risk factors present in CKD patients, including physical disability and frailty that can also affect driving safety. These studies will ultimately provide a much-needed foundation of knowledge to refine driving guidelines and raise clinician awareness regarding screening practices in this fragile, at-risk population.
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